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1 . (currently amended) [[An]] A fingerprint image enhancement process comprising th e stops 

ef: 

establishing plural sub region filters usinp a learning process, the learning process including 
Obtaining a representative set of fingerprints and establishing, using a human or ma chine experla 
corresponding set of desired mans, a set ofLfilters being developed therefrom: 

a windowing process that se lecte - a - sub region of an image partitioning the image into sufr 
regions, each sub region representing a portion of a fingerprint image : 

for at least some sub regions, determining a value for each of one or more fingerprint image 
characteristics of the sub region s, th e ohornoteriodoo being of a subj e c t o f th e oub region ; 

using the values. classif vjngatJeastsome sub regions into defining one or more classes-** 
th e oub region from the - valu e s ; 

selecting one or more transform respective filter s obtained using the looming/training proc es s, 
that corresponds to for each respective class; and 

for each sub regio n having a class, convolving the respective portion of the fingerprint imape 
with the respective filter or filters DUOOOfloiv e lV " flpplying th e tmnnfnrm fihor to tho r . nh r a ginn - hnu i ng 
the game eloao ao the transform filter to obtain a transformed sub region. 

2. (original) The process, as in claim 1 , where two or more transformed sub regions are combined 
to produce an enhanced sub region. 
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3. (original) The process, as in claim 2, where the transformed sub regions are combined using 
a weighted summation of the transformed sub regions. 

4. (currently amended) The process, as in claim 1, where one or more of the sub regions are 
determined by any one or more of the following: a pixel-wise amplitude of the sub region, an average 
amplitude of the sub region, an image frequency of the subregion, an orientation of the sub region, an 
amplitude tronoiotion transition in the orientation direction, a local contrast, a local phase, a scalar 
quantization of intensity values of the sub region, a vector quantization of intensity values of the sub region, 
a dryness measure of the sub region, a smudge measure of the sub region, a quality of the sub region, an 
average amplitude of the eokfe entire image, an average frequency of the entire image, an average quality 
of the entire image, and an average orientation variation of the entire image. 

5. (original) The process, as in claim 1 1 where a number of the sub regions is determined by any 
one or more of the following: a pixel-wise amplitude of the sub region, an average amplitude of the sub 
region, an image frequency of the subregion, an orientation of the sub region, an amplitude transition in the 
orientation direction, a local contrast, a local phase, a scalar quantization of intensity values of the sub region, 
a vector quantization of intensity values of the sub region, a dryness measure of the sub region, a smudge 
measure of the sub region, a quality of the sub region, an average amplitude of the entire image, an average 
frequency of die entire image, an average quality of the entire image, and an average orientation variation 
of the entire image. 
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6. (original) The process, as in claim 1 , where a shape of the sub regions are determined by any 
one or more of the following: a pixel-wise amplitude of the sub region, an average amplitude of the sub 
region, an image frequency of die subregion, an orientation of the sub region, an amplitude transition in the 
orientation direction, a local contrast, a local phase, a scalar quantization of intensity values of the sub region, 
a vector quantization of intensity values of the sub region, a dryness measure of the sub region, a smudge 
measure of the sub region, a quality of the sub region, an average amplitude of the entire image, an average 
frequency of the entire image, an average quality of the entire image, and an average orientation variation 
of the entire image. 

7. (original) The process, as in claim 1, where an extent of overlap one or more of the sub regions 
is determined by any one or more of the following: a pixel-wise amplitude of the sub region, an average 
amplitude of the sub region, an image frequency of the subregion, an orientation of the sub region, an 
amplitude transition in the orientation direction, a local contrast, a local phase, a scalar quantization of 
intensity values of the sub region, a vector quantization of intensity values of the sub region, a dryness 
measure of the sub region, a smudge measure of the sub region, a quality of the sub region, an average 
amplitude of the entire image, an average frequency of the entire image, an average quality of the entire 
image, and an average orientation variation of the entire image. 

8* (currently amended) The process, as in claim 1, where the characteristics ore image 
chnroot e riotioo that include any one or more of the following: a pixel- wise amplitude of the sub region, an 
average amplitude of the sub region, an image frequency of the subregion, an orientation of the sub region, 
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an amplitude transition in the orientation direction, a local contrast, a local phase, a scalar quantization of 
intensity values of the sub region, a vector quantization of intensity values of the sub region, a dryness 
measure of the sub region, a smudge measure of the sub region, a quality of the sub region, an average 
amplitude of the entire image, an average frequency of the entire image, an average quality of the entire 
image, and an average orientation variation of the entire image. 

9, 10 (canceled). 

1 1 . (currently amended) The process, as in claim 1, where the transform filter is chosen from 
a class that is near to the selected class (e.g., when the filter specified ■s ab - r e gion - class - i s not availabl e du e 
to look of training data, or when choie^of - multipl e- trun a foniMtion - filt e r s' is availabl e du e to ov e rlappin g 
image division process) . 

12. (currently amended) The process, as in claim 1U where near is defined by any one or more 
of the following: a least square distance, an absolute distance, and an ordinal distance. 

13. (original) The process, as in claim l r where the characteristic is amplitude and the value is an 
amplitude intensity value. 

14. (original) The process, as in claim 1, where the characteristic is the ridge orientation in a 
neighboring subregion and the value is orientation of the ridge with respect to x-axis in t-multiples of degrees. 
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15. (original) The process, as in claim 14, where t-90. 

16. (original) The process, as in claim 1, where the characteristic is image frequency and the value 
is a cycle per distance value. 

17. (original) The process, as in claim 1, where the characteristic is a quality and the value based 

(• 

on an image type. 

IS, (original) The process, as in claim 1 , where the characteristic is a texture and the value is based 
on a pattern repetition value. 

19* (currently amended) The process, as in claim 1, where the characteristic is an amplitude 
transition and the value io ono of a; pooitivc, - negative T and aero. 

20. (currently amended) The process, as in claim 1 , where the characteristic is a perpendicular 
amplitude transition and th e- valuo is one of at positive, negative, zero . 

21 . (original) The process, as in claim 1, where the characteristic is an orientation variation and 
the value is the standard deviation of orientations in the neighborhood. 
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22. (original) The process, as in claim 1 T where one or more of the transformed filters is applied 
more than once to obtain the transformed sub region. 

23. (original) The process, as in claim 22, where the number of times the transform filter is applied 
is predetermined. 

24. (currently amended) The process, as in claim [[22]] I, where the set of filters is developed 
using a least squares fit, transform filter io appli e d until ore condition in mot. 

25-37 (canceled). 

38* (new) A method of fingerprint image enhancement, comprising; 

learning a set of partitioned least-squares filters derived from a given set of fingerprint images 
and expert-developed ground truth pairs; and 

for each of at least some sub regions of a fingerprint image, convolving at least one respective 
filter with an input fingerprint image of the sub region to obtain an enhanced image. 

39* (new) The method of Claim 38, wherein a filter is defined by 



w=(X T X)' , X T Y l 



wherein k represents a sub region, ^ is a vector given by [x^, x 2 ! . 



. . xf 9 xyj, where xy is 



the image intensity at the j-th location within the i-th sub region; and further wherein 
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y { is the enhanced intensity at pixel i, provided by a fingerprint expert, and wherein 
X is a matrix defined by [x„ x 2 . . . x„ xJ T , Y is a matrix defined by [y„ y 2 . . . y lf y M ] T , 

where M is the number of candidate pixels from a class of the sub region and T is a transpose 
of a matrix or vector. 
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